Background: Improving communication between caregivers is an important approach to improving safety. Objective: To implement teamwork and communication interventions and evaluate their impact on patient outcomes.
INTRODUCTION
With the national focus on promoting healthcare quality and safety has come recognition that improving the effectiveness of teamwork and communication is vital. 1 Efforts have focused on several targets, including increasing familiarity of team members with each other, systematising communication between groups so that critical information is relayed, and standardising points in care where communication is required. 2e7 While simulation training is of growing importance, most efforts employ didactic and role-modelling approaches.
8e11
Past research in teamwork training has reported improvements in cognitive and affective outcomes among caregivers, as well as some interpersonal and teamwork processes. The few studies reporting patient outcomes suggest little if any effect of teamwork training. However, most previous research has focused on obstetric, surgical and emergency department settings, in which the clinical location (eg, the operating room or trauma centre) provides a stable locus for team-based interactions. 12 13 Whether teamwork training can improve care processes and patient outcomes among general medical patients has been largely unexamined, despite the increasing need to maximise caregiver collaboration and communication, and smooth transitions. The goal of the Triad for Optimal Patient Safety (TOPS) project was to examine whether a series of teamwork and communication interventions can improve patient outcomes in general medical units at three separate hospitals.
14 To achieve this goal, the authors undertook a 2-year quasi-experimental study of a three-phase programme consisting of a multidisciplinary teamwork training curriculum, the development of unit-based safety teams, and efforts to engage patients in their daily goals. Over the course of this study, measurements included patient perceptions of their team's functions, problems with care, overall satisfaction with care, as well as hospital length of stay and risk for readmission.
METHODS

Sites
The TOPS project studied patients hospitalised on a single inpatient general medical unit in each of three hospitals in the San Francisco Bay Area: an academic university medical center (UCSF Medical Center), a nonteaching community hospital (El Camino Hospital in Mountain View, California), and an integrated healthcare system hospital (Kaiser Permanente-San Francisco Hospital). 14 The TOPS project was reviewed and approved by the UCSF Committee on Human Research and the El Camino and Kaiser Institutional Review Boards. TOPS study units were of similar size (26e34 beds) and had similar nurse staffing (one registered nurse per four to five patients). Physician care models differed (university-based physicians, community-based physicians, and physicians employed by a managed care organisation, respectively). Pharmacy presence on the units differed (one service-based pharmacy model, one model with central pharmacy services only, and one unit-based clinical pharmacist model), and use of health information technology differed (one with no electronic record or order entry, one with electronic health record only, and one with both electronic record and order entry). All sites had a variety of quality-improvement initiatives underway during the TOPS study, but no site had programmes targeting teamwork functions specifically.
Subjects
Patients were eligible for TOPS if they were 18 years or older and admitted to the targeted general medical units between January 2006 and March 2007. Entry could then happen through direct patient contact, or using hospital administrative data from the medical unit. In the latter case, data were de-identified and consent waived.
Patients were approached for direct enrolment and interview if they spoke English and were able to consent for themselves, after which an intake questionnaire was administered. Interviews took place when assistants (two of whom rotated between TOPS sites) were available; thus, our interview cohort represents a convenience sample of the overall group of patients admitted to TOPS study units.
Intervention description TOPS programme efforts were supported by a multidisciplinary project leadership team that orchestrated planning, design, implementation and evaluation of the specific interventions. Its tasks included curricular development, training teachers at each site and facilitating sharing of best practices. The intervention targeted nurses, pharmacists and physicians who practiced primarily or exclusively on TOPS units. Nurses and pharmacists were nearly uniformly unit focused; physicians were generally hospitalists and admitted primarily to TOPS general medical units.
Phase 1 run-in period Phase 1 was devoted to carrying out educational activities and collecting baseline data (using the methods described above).
As part of our educational efforts, the TOPS team delivered multiple 4 h teamwork training sessions covering topical areas of safety culture, teamwork and communication through didactics, videos, facilitated discussions and small group role plays to practice new skills and behaviours. Participants included unit-based providers and staff (eg, nurses, nursing assistants, unit clerks), and service-based providers (eg, physicians, pharmacists, respiratory therapists, case managers). Full details of the TOPS training programme, including curricular materials and evaluation, are described elsewhere.
14 Phase 2 implementation of triad unit safety teams (TrUSTs) Following the team work training programme, project champions and other unit providers formed a multidisciplinary unit-based safety team to serve as the local agent for change and safety awareness. These teams aimed to reinforce, sustain and extend the learning from phase 1 training and develop new mechanisms to foster interdisciplinary collaboration by identifying unit-based safety issues and encouraging team-based solutions. The triad unit safety teams (TrUSTs) also led additional educational sessions for different disciplines to reinforce the skills and behaviours taught in phase 1.
The TrUSTs were composed of unit-based project champions (a nurse, physician and pharmacist champion), one or two leaders on the unit (if not a project champion already) and front-line providers from phase 1. The TrUSTs met twice monthly in space on the unit and were responsible for taking teaching from phase 1 training and reinforcing behaviours through additional educational programmes and collaborative work. The TrUSTs also served as the unit-based 'problem-solving' group that identified safety issues and resolved them through group-derived solutions, or took problems to the appropriate committee or service leader for attention. As such, TrUSTs were an important part of the overall TOPS programme in that they used phase 1 problem-solving skills in real situations, role modelled (and practiced) interdisciplinary communication and collaborative activities, and reinforced patient advocacy and patient-centeredness as core cultural features. TrUSTs did not receive other formal training, and while the project champions were supported for their time, other members volunteered their time and engagement.
Phase 3 patient engagement
To extend the TrUSTs' ability to identify critical patient needs and facilitate communication between patients and providers, a programme was implemented to solicit patients' 'goals for the day'. This aim was achieved through use of a 'Tell Us' tent card, placed at the bedside of every patient on the unit, and co-managed by the patient and their nurse. Each day, the nurse assisted patients in determining and describing their goals, completing the card and then placing the information on the white board in each patient's room. 2 15 The patients' goals were then available to all providers interacting with the patient. The cards also provided an opportunity for patients to communicate safety problems they had perceived, and in turn provided information needed by the TrUST teams' activities. Tent card use was not followed by the TOPS team.
Data sources
Data for this study were obtained from patient interviews and administrative sources. Administrative data in Uniform Bill 92 format were collected from coding databases maintained at each site. Information such as insurance status, gender and utilisation measures was gathered in a standardised format on adults admitted to TOPS units during the study period.
Patient interviews were carried out by research assistants through direct contact at the time of study enrolment, and at 1 month post-discharge by phone interview.
Outcome variables
The primary outcomes were patient perceptions of their care, as well as their perceptions of the level and quality of teamwork of caregivers during hospitalisation. Inpatient interviews used instruments developed explicitly for this study 14 while the 1 month post-discharge interview primarily used questions from the Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) patient satisfaction survey 16 as well as a smaller number of questions developed by our team.
Administrative data were used to define length of stay. Readmission was defined by screening administrative data at each site to ascertain whether a patient had repeat observations in the data within a 30-day period.
Methods
Data were first characterised using descriptive statistics, and then the independent effects of the intervention on the outcome variables were assessed, after adjustment for covariates using generalised estimating equations, with robust standard errors to account for clustering by physician (Proc GENMOD). Multivariate logistic models were used for readmission and all patient perception outcomes and g models with log link function for the right-skewed length of stay outcome. Covariates were selected for inclusion in the models based on their statistical association with the outcome at a level of p#0.05.
First, the threat of secular trends was tested for, and little evidence was found for cross-period trends. As a result, interrupted time-series analysis was not necessary, as sites could provide pre-intervention data free from time-trend biases. Lack of time trends allowed simpler but potentially more powerful models to be used comparing the mean response across periods. To assess the intervention effects, the mean of each outcome was modelled as a linear spline in time, with potentially different trends in the first, second and third study periods. The trends in the three periods were compared using Wald tests. In contrast to interrupted time series models, discontinuities were not modelled at the beginning of the second and third periods because it was thought that intervention effects would accrue gradually.
Finally, potential interactions between site and period were examined. All analyses were carried out in SAS, V.9.2 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Patient characteristics
A total of 10 977 patients were admitted to general medical wards at the three study sites; 6155 (56%) were admitted to one site, with the remaining patients roughly evenly distributed between the two other sites. For the interviews, 581 patients (5.3% of the total sample) provided in-hospital interview data; of these patients, 313 (3% of total sample, 54% of patients interviewed) were contacted for phone follow-up (table 1) .
Slightly more than half of the patients were women (5758, 53%), and most were white (6011, 55%). Hypertension (48%), fluid and electrolyte disorders (27%) and anaemia (19%) were the most common comorbidities identified in administrative data. There were no statistically significant trends in the prevalence of comorbidities, patient age or other patient factors over time. The median length of stay was 3 days (25the75th IQR 2e6 days) and 14% of patients were readmitted to the same hospital within 30 days.
Effect of TOPS interventions on readmission and length of stay
There were no statistically significant trends in rates of readmission or in length of stay across time periods, or between time periods (table 2) .
Effect of TOPS interventions on patient experiences reported during hospitalisation After our phase 1 intervention, patients more often reported that their physician informed them of how long they would be in the hospital and explained the results of their tests. Patients were also less likely to report that their caregivers worked well as a team and more likely to agree or strongly agree with the statement 'Do you believe that someone made a mistake that affected your care during this hospitalisation' (table 3) .
Most of the improvements reflected in the patients' perception from phase 1 to phase 2 were maintained in phase 3 but no statistically significant changes were noted. Patients interviewed in phase 3 did agree more strongly that they were discharged on the day they expected.
Effects of TOPS interventions on patient experiences reported after discharge
Compared with patients surveyed after discharge in phase 1, phase 2 patients agreed more strongly that physicians treated them with courtesy and respect and that nurses listened carefully and explained things in a way they could understand. Phase 2 patients were also more likely to report that their caregivers did everything they could to keep them safe, that they received the same information from all caregivers, that someone discussed discharge plans, and that their concerns about discharge were addressed. More patients responded that the caregivers had talked about the help they needed after discharge and provided information about their health problems. During phase 3, patients more strongly agreed that physicians listened carefully and explained things in a way they could understand. Neither intervention was associated with improvements in the likelihood of recommending the hospitals to others (table 4) .
DISCUSSION
This prospective study of sequential implementation of teamwork and communication interventions led to improved patient perceptions of teamwork, communication and discharge planning but suggested no improvement in readmission risk or length of stay. Enhancing caregiver team functions through the addition of explicit patient engagement methods resulted in further improvement to patient perceptions in two areasdphysician listening and physician explanation. However, the team-building interventions also appeared to be associated with increased patient perceptions that errors may have taken place in their care.
The authors were surprised to see a trend towards more frequent perceptions of errors among patients in this study. While TOPS did not emphasise error While there are no data to describe exactly what patients were hearing or experiencing as a safety problem, this study suggests improved teamwork may represent a cointervention in models describing how to improve error detection and disclosure. 19 20 23 24 The authors were encouraged to see improvements in patients' perceptions of teamwork, care coordination, communication, respect and experiences around the time of discharge. Building on prior observations, 14 these findings suggest that the TOPS model produced improvements in caregivers' perception of safety and in individuals' ability to work as a team; these improvements appeared to be associated with a rise in satisfaction with providers and nurses, butdsurprisinglydnot the institution overall. Recent evidence suggests that patient perceptions of care processes may correspond to patient outcomes 25 as well. In this study such a connection has potentially offsetting effects: while patients more frequently perceived errors, they also perceived improved care processes related to their care. In contrast, the interventions appeared to have little impact on length of stay or readmission, even as patients reported being more aware of their care plans and being better prepared for dischargedfactors one might anticipate would lead to fewer unanticipated impediments to care coordination and discharge planning. Lack of an impact may have occurred because these measures are somewhat insensitive to the interventions, or because improved teamwork and communication may identify more problems (as suggested by increased reports of safety problems). While disappointing, lack of impact on broader clinical outcomes in this study is concordant with previous interventions targeting team functions and communication. 12 26 The phase 3 intervention, a combination of bedside reminders (in the form of tent cards) and structured communications about goals for the day, had little incremental impact on patient experiences. While the data do not allow us to test these hypotheses directly, it is possible that the chosen modes of improving communication did not 'activate' patients substantially in their care (a key step in patient-centred interventions). 27 Alternatively, patient tent cards may have been difficult to prioritise (or keep organised) in the context of other patient paperwork or educational efforts. Whatever the reason, it is clear that any incremental impact of the phase 3 intervention was small. This study has a few limitations. While the number of admissions during the study was large, only a small proportion of inpatients could be interviewed. This introduces the possibility for selection or volunteer bias, but it is unclear how this bias would affect the results across time periods. In fact, the characteristics of interviewed patients were similar across all time periods. In addition, factors that may have influenced likelihood of responding (or not) were adjusted for. The survey response rates were somewhat low (54%) and raise the possibility of response bias. However, response rates were similar over the time periods of this study and seem less likely to have affected the findings relevant to time periods of the intervention. The inpatient survey has not been validated in other settings. Nonetheless, changes in the inpatient-administered survey (particularly perceptions of discharge planning) correspond to valid HCAHPS-based questions. Baseline HCAHPS data from the study sites were actually quite good, making it possible that the results were limited by ceiling effects; high baseline performance at TOPS sites may also limit Readmission model adjusted for site, age, insurance type, comorbidities (peripheral vascular disease, neurological disorders and renal failure), and clustering at the admitting physician level. Length of Stay (LOS) model adjusted for site, insurance type, comorbidities (chronic heart failure, neurological disorders, renal failure, liver disease, coagulopathy, fluid and electrolyte disorders and psychoses), and clustering at the admitting physician level.
generalisability of the findings to sites with differing HCAHPS performance. As mentioned, there are no data on actual safety events or more detail on what patients saw or were told about in terms of errors. The authors have limited ability to discern whether particular physicians, nurses or sites adopted or implemented the process more effectively, and more specific guidance cannot be provided as to key steps in implementation that lead to improved patient outcomes. Baseline data preceding phase 1 training and run-in activities are lacking. Although phase 1 was primarily devoted to startup work and initial training activities, it is possible that this period was an early intervention in itself. Having said this, strong effects were seen upon transition to phase 2. Despite a multicentre design, the sites are largely urban or suburban and have fairly well developed local This multicentre study of a team-based communication and safety intervention appeared to improve patienteclinician communication, but may have also increased the frequency with which patients became aware of problems with their care; patient perceptions of clinicianeclinician communication/teamwork were inconsistent. In the authors' opinion, increased awareness of safety or quality issues by all caregiversdand patientsdis a positive, yet unexpected, outcome of the study. How to use improved communication and safety awareness to affect system change and improve patient outcomes remains a key question for future studies. 
